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Objective. Family members have the capacity to inﬂuence each other's health behaviours. This study exam-
ined whether there were associations in the objectively assessed physical activity and Body Mass Index (BMI)
of mothers and fathers.
Methods. Recruitment took place in Bristol (UK) during 2012/13. Participants were 272 pairs of parents
(dyads) that wore an accelerometer for at least 500min on 3 ormore days. Parents provided demographic infor-
mation and self-reported height and weight. Multi-variable linear and logistic regression models examined the
relationships between parents' moderate-to-vigorous physical activity (MVPA) and BMI.Results.MVPAminutes (r= 0.26, p b 0.001) and BodyMass Index (r= 0.20, p= 0.002) of parents were cor-
related. Logistic regression analysis showed that mothers were almost twice (OR 1.87, p b 0.05) as likely to be
overweight or obese when fathers were. Linear regression models showed that at the weekend every 9 min of
paternal MVPA was associated with 3 min of maternal MVPA (r = 0.34, p b 0.001).
Conclusions. Both physical activity and BMI of parenting partnerswere associated. Since parents tend to share
home environments and often perform activities together or as a family, then behavioural changes in one parent
may have a ripple effect for other family members.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).Introduction
Regular physical activity (PA) has both preventive and rehabilitative
effects for many chronic health conditions (Bauman, 2004; Donaldson,
2004; Kokkinos and Myers, 2010). Approximately 33% of men and
45% of women in the UK fail to meet the recommended 30 min of
moderate-to-vigorous physical activity (MVPA) on 5 days per week
(Health and Social Care Information Centre, 2012). Furthermore, it is
estimated that 66% of men and 57% of women (aged ≥20) within the
UK are overweight or obese (Ng et al., 2014). Low levels of PA have
been associated with overweight and obesity in adults and children
and recent data suggests that individuals who meet the PA guidelines
are at reduced risk of being overweight or obese (Chau et al., 2012;
Hills et al., 2011; Health and Social Care Information Centre, 2012).
There is a need to develop strategies to increase PA and reduce obesity.
Designing successful interventions requires an understanding of the de-
terminants of PAbehaviours; those interventions that target casual deter-
minants of behaviour are likely to be more effective (Michie et al., 2008).
Families and family environments are proposed to be central com-
ponents in both adult and child PA behaviours and choices. Diet andss.jago@bristol.ac.uk (R. Jago),
. This is an open access article underphysical activity are both inﬂuenced by core relationships within the
home (Wilson, 2002) and therefore spouses are likely to be inﬂuential
when it comes to modifying and maintaining healthy behaviours.
Studies examining spousal correlations in PA levels have provided
evidence of a relationship. A pedometer study conducted in North-
ern France identiﬁed an inter-spousal correlation during weekend
days (r = 0.14); there was no evidence of an association during
week days (Jacobi et al., 2011). These ﬁndings are consistent with
the analysis from the Quebec Family study which highlighted an
inter-spousal PA relationship (Simonen et al., 2002). This was the
strongest for self-reported past year PA data (r= 0.43). Further anal-
ysis of previous three day PA data, recorded via diaries, demonstrat-
ed a correlation between spousal moderate-to-strenuous activity
(r = 0.22). However, measuring PA using self-report can result in
measurement error, bringing into question the validity of the ﬁnd-
ings and the accuracy of the reported correlations (Sternfeld et al.,
2012; Prince et al., 2008). Previous studies have been limited by
the use of pedometer or self-reported collected PA data; neither of
which allows for the calculation of important output measures,
such as minutes in MVPA. Further research into spousal PA associa-
tion is required that utilises objective measures in order to provide
a more reliable indication of spousal PA associations.
Research has demonstrated that health-related behaviours of
spouses converge over time (Meyler et al., 2007). It is therefore possiblethe CC BY license (http://creativecommons.org/licenses/by/4.0/).
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marriage and parenthood are associated with decreased PA and in-
creased body weight in males and females (Hull et al., 2010; Averett
et al., 2008) suggesting that individuals' behavioursmay become similar
once in a relationship. Previous research has demonstrated that changes
from an unhealthy to a healthy behaviour in one spouse are associated
with a positive change by the other partner (Falba and Sindelar,
2008). In addition, there are some evidences of associations in spou-
sal Body Mass Index (BMI) (Jeffery and Rick, 2002; Abrevaya and
Tang, 2011; Jacobi et al., 2011). Within the UK there are very few
studies that have explored spousal BMI and even fewer with a speciﬁc
focus on parents. The current study examined the spousal associations
in parental PA and BMI among parents with children aged 5–6 years.
Through utilising an objective measure of physical activity we hope to
build on the ﬁndings of previous spousal PA studies. The main aim of
the study is to investigate if the BMI and physical activity (MVPA) of
parent dyads are associated.
Methods
Study design
Data are from a cross-sectional study (B-ProAct1v) carried out at the
University of Bristol. The study aimed to examine factors that inﬂuenced
young children's (5–6 years) and parents' PA, with a speciﬁc focus on
the inﬂuence of parents on child PA behaviours (Jago et al., 2014b;
Jago et al., 2014a). Data were collected from 57 primary schools in the
greater Bristol area between January 2012 and May 2013, during this
time 250 primary schools in Bristol and the surrounding areas were
invited to participate. Ethical approval was granted by the School for
Policy Studies research ethics committee at the University of Bristol
and written informed consent was obtained from parents.
Participants
To take part in the project children and at least one parent needed to
participate; second parents were encouraged to take part but it was not
a requirement of the project. In total 1456 pupil and parent dyads
agreed to take part. 1267 child–parent dyads wore and returned an ac-
celerometer and were included in the ﬁnal dataset. For the current
study we were interested in parent dyads (e.g., mother–father) and
therefore only cases where both parents participated are included in
our analysis. Fig. 1 shows the study ﬂow of participants.
Measures
Participating parents (ﬁrst parents) were required to complete a
questionnaire about family characteristics, personal demographics,
overall child health and questions relating to screen-viewing behav-
iours. Second parents were asked to report demographic information.
All parents that took part were ask to report their gender, height and
weight to enable the calculation of BMI (BMI = kg/m2). In addition,
parents (ﬁrst and second) and childrenwore an Actigraph GT3X acceler-
ometer for ﬁve days; three week days and two weekend days. Uniaxial
data were processed using Kinesoft (v3.3.75; Kinesoft, Saskatchewan,
Canada) software which estimated minutes of MVPA for parents based
on an age-appropriate cut point (≥2020 counts per minute) (Tudor-
Locke et al., 2010). Sedentary behaviour and light activity were omitted
from the analysis as they cannot be analysed in relation toUK PA govern-
ment guidelines. Mean counts per minute (CPM) were also calculated.
This measure provides an indication of the volume of physical activity
in which participants engaged.
A valid day was speciﬁed as ≥500 min of wear time, this was to pre-
vent further reductions in the dataset and to conform with the method
used in previous studiesworkingwith the samedata (Jago et al., 2014a).
Any period of 60 min or more of consecutive zero counts, with anallowance of 2 min of interruption, was classiﬁed as non-wear time
and removed from subsequent analysis. Participants' home address
and postcodewere reported and then linked to lower layer super output
data enabling the calculation of Index of Multiple Deprivation (IMD)
scores based on the English Indices of Deprivation (http://data.gov.uk/
dataset/index-of-multiple-deprivation).
Data management/reduction
In total 317 participating dyads met the inclusion criteria for at least
three valid days of accelerometer data. Participants that did not provide
personal demographic information were removed from the subsequent
analysis. Following this criteria 272 participants were included in the
ﬁnal dataset, of which 269 provided at least one valid weekend day of
wear time (wear time minutes, M = 798, SD = 66, Range = 579 to
949). Daily minutes of MVPA were calculated as a continuous variable.
Participants were also categorised as either meeting or failing to meet
the recommended 30min/day (World Health Organization, 2010). Simi-
larly BMI was computed as a continuous variable and also dichotomised
to express weight status; normal weight or overweight/obese as deﬁned
by the UK National Health Service (http://www.nhs.uk/Conditions/
Obesity/Pages/Introduction.aspx).
Statistics
Student t-testswere used to explore differences in demographic fac-
tors, BMI and MVPA between included and excluded participants. De-
scriptive statistics (i.e., means and standard deviation) were calculated
and correlations were used to examine relationships between parents'
MVPA and BMI. Linear regressions were conducted for each outcome
variable and separately for weekday and weekend days to enable com-
parisons. Female datawas used as the outcome andmale data as the ex-
posure. Logistic regression analysis was used to examine whether
fathers meeting the recommend 30 min of daily MVPA was associated
withmothersmeeting the same guideline. Additional logistic regression
analysis examined the odds of mothers being overweight/obese when
fathers were above the BMI threshold for normal weight status. Each
model was adjusted for female age, BMI, employment status, number
of children, household cars and IMD scores as these have been previous-
ly associated with PA in adults (Trost et al., 2002; Cerin et al., 2009; Hull
et al., 2010). Since participants were recruited via local primary schools,
robust standard errors were used in all models to account for clustering
of participants in schools. Analyseswere conducted in Stata version 13.1
(Statacorp, College Station, TX). The R2 value has been added to the re-
gressionmodel to provide an indication of the variance in outcome var-
iables explained by exposure variables in this sample (Pearce, 2011).
Results
Descriptive statistics are shown in Table 1. On average males were
approximately 1 year older than females and had slightly higher BMI.
Males accumulatedmoreMVPAminutes than females; fathers averaged
52 min of MVPA per day overall, and 56 min during weekdays. Both
males and females performed approximately 10 min less MVPA on
weekend days.
Parental BMIwaspositively correlated (r=0.20 p b 0.001). Adjusted
linear regression analysis showed that an increase of one unit in male
BMIwas associated with an increase of 0.22 units (p b .001) in mothers,
which could be interpreted as an increase of one unit (kg/m2) per ﬁve
unit increase in father BMI. Adjusted logistic regression analysis showed
a mother was 87% more likely to be overweight or obese if the father
was overweight or obese (Table 2).
There was strong evidence of an association between parental PA
(r=0.26, p b 0.001). Table 3 displays the results from linear regressions
performed on MVPA data. Mothers' weekend activity increased by 0.34
of aminute per extraminute of fatherMVPA, or an extra 3min for every
Schools contacted (n=250)
Eligible families (n=57 schools; 2600 pupils)
Recruited schools (n=65
Schools withdrawing or not scheduled (n=8)
; 26.0%)
Reasons for not 
recruiting:
• No reply 
(n=138; 55.2%)
• Refusal 
(n=47; 18.8%)
Week day 
Excluded if no personal
       data (n= 45) 
data (n=272)
Weekend day 
data (n=269)
Both parents provide at least 3 valid days of 
data (n=317)
Recruited parent dyads (n=419)
Fig. 1. Study ﬂow of participants. Based on UK participants — 2012/13.
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rental PAwasweaker; theMVPA ofmothers increased by approximate-
ly 8 s per minute of father MVPA.
Logistic regression models for parental PA are shown in Table 4. At
weekendsmotherswere over 90%more likely tomeet the recommended
30min ofMVPA if fathers did so in both unadjusted and adjustedmodels.
There was no evidence of an association for weekdays.Table 1
Demographic information including age, BMI and activity data. Based on UK participants - 201
Fathers Moth
N Mean SD Mean
Age (years) 269 39.96 5.66 38.3
BMI (kg/m2) 269 25.86 3.64 24.8
CPM (overall) 272 408.15 145.14 397.0
CPM (weekdays) 272 420.32 179.68 413.3
CPM per weekend day 272 389.95 178.33 372.8
MVPA minutes per day 272 51.64 22.08 48.1
MVPA minutes per weekday 272 55.97 28.21 53.2
MVPA minutes per weekend day 267 45.46 26.01 40.6
BMI — Body Mass Index, CPM — counts per minute, MVPA — moderate-to-vigorous physical aDiscussion
The data presented in this paper shows strong evidence that both
the PA and BMI of parents is associated. Associations between partners'
PA were strongest during the weekend. Linear regression models
demonstrated that an increase of 9 min of MVPA performed by fa-
thers was associated with approximately three additional minutes2/13.
ers
SD Difference in means 95% CI P
7 5.22 1.59 1.00 to 2.18 b .001
1 4.23 1.05 0.45 to 1.65 b .001
3 129.58 11.12 −8.37 to 30.60 .131
1 147.93 7.01 −18.31 to 32.34 .293
1 166.85 17.13 −6.31 to 40.58 .076
2 21.34 3.53 0.37 to 6.69 .014
1 24.36 2.76 −1.33 to 6.85 .097
5 26.17 4.81 1.21 to 8.40 .004
ctivity.
Table 2
Logistic regression analysis displaying odds ratios for females being overweight/obese,
predicted by male overweight/obese group. Based on UK participants — 2012/13.
OR 95% CI p
Unadjusted 1.86 1.14 to 3.08 0.013
Adjusteda 1.87 1.13 to 3.09 0.014
a Adjusted for age of themother, number of children, number of cars, employment and
household IMD.
Table 4
Logistic regression displaying odds ratios for females meeting the recommended MVPA,
predicted by whether males PA guidelines. Based on UK participants — 2012/13.
Unadjusted Adjusteda
OR 95% CI P OR 95% CIa P
Overall 1.39 0.62 to 3.09 .421 1.42 0.66 to 3.08 .371
On weekdays 1.34 0.57 to 3.14 .506 1.58 0.59 to 4.25 .363
On weekend days 1.91 1.15 to 3.19 .013 1.92 1.13 to 3.27 .016
a Adjusted for female age, BMI, Employment, number of other children, house hold cars
and IMD score.
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were dichotomised; mothers were 91% more likely to meet the rec-
ommended daily MVPA when the father did.
To the best of our knowledge the current study is the ﬁrst to use
accelerometery to examine associations between parents' physical ac-
tivity levels. Other studies using different methods have reported simi-
lar ﬁndings, but the inter-spouse PA associations reported have tended
to vary signiﬁcantly between studies (Simonen et al., 2002; Maia et al.,
2013; Jacobi et al., 2011). This variation may be due to the variety of
measures used to record PA. Our results provide strong evidence of a
relationship between parents' MVPA and our analysis provides further
evidence that parents inﬂuence each other's health-related behaviours.
Weekday parental MVPA was only weakly associated which could be a
result of the parents' working patterns, different commutingmodes, the
amount of PA accumulated through employment or having fewer op-
portunities to be active together on weekdays. Of the dyads included
in the analysis over 98% reported that at least one parent works, there-
fore during theworkingweek it is probable that behaviours aremore in-
dependent and spousal inﬂuence on PA behaviour is less predominant.
BMI was associated between parents, with regression models indi-
cating an increase of one unit for mothers per additional ﬁve units of
male BMI. The association was also present when using dichotomised
variables in logistic regressionmodels. This is in linewith previous ﬁnd-
ings that have demonstrated that the BMI of spouses is associated (Chen
et al., 2014; Brown et al., 2014). Evidence from a longitudinal study that
tracked the BMI of married couples for two years indicates that changes
in weight-related behaviours, such as dieting or exercise may be inﬂu-
enced by spousal behaviour (Jeffery and Rick, 2002). Since parents
tend to cohabit it is likely that their eating behaviours and diets are sim-
ilar, which could partly explain the results.
Although the current study demonstrates associations between
spouses, due to the cross-sectional nature we are unable to determine
the pathways or mechanisms driving these behaviours. However, it is
probable that there are a number of plausible explanations. Firstly,
BMI associations could be a function of shared cues, routines and oppor-
tunity for eatingwithin the home. Furthermore, parentsmay share sim-
ilar preferences for speciﬁc foods, thereby increasing or reinforcing each
other's consumption of these foods. Similarly, PA levels are likely to be
inﬂuenced by preferences for type and volume of activity. With this in
mind individuals living with an active partner may be more motivated
and encouraged by their partner to become more active. Additionally,
spousal support, attitudes and lifestyle choices of spouses may play a
substantial role. If parenting partners place a similar value on theTable 3
Linear regression models for activity level data in which female PA is predicted by male PA. Ba
Unadjusted
Mean increase in mothers' PA (per minute)
from one unit increase in fathers'
R2 95% CI
CPM overall .266 .09 .13 to .41
CPM weekdays .142 .03 .01 to .27
CPM weekend .342 .13 .24 to .47
MVPA overall .249 .07 .11 to .39
MVPA weekdays .134 .04 .01 to .26
MVPA weekend days .350 .12 .20 to .50
BMI — Body Mass Index, CPM — counts per minute, MVPA — moderate-to-vigorous physical a
a Adjusted for female age, BMI, Employment, number of other children, house hold cars andimportance of being active, they may strive to ensure they participate
in regular PA. It would be useful to explore these associations in a longi-
tudinal study in order to develop a better understanding of the underly-
ing mechanisms behind these associations.
The ﬁndings from this study raise a number of issues for researchers
and others who are designing behavioural change interventions. If
behavioural changes in the PA of one parent have a knock on or ripple
effect, then it would be worth considering this throughout the develop-
ment, data collection and evaluation processes of an intervention.More-
over, if parents can inﬂuence their children's and each other's health
behaviours, interventions aiming to increase parents' PA should strive
to encompass advice or guidelines onmethods to encourage other fam-
ily members to be active.
Study strengths and limitations
The major strength of this study is the objective assessment of
parental PA. Through using accelerometery it has been possible to ob-
tain robust estimates of MVPA minutes of parents with young children.
Furthermore, by collecting PA and BMI data from both parents we were
able to examine individual parental data whilst also exploring associa-
tions between parental data. The collection of weekday and weekend
MVPA data allowed for comparisons to be made. However, there are a
number of limitations that should be considered. First, since we collect-
ed our data using accelerometerswe are limited in our understanding of
the types of activity in which parents engaged in and the extent to
which associations reﬂect shared activity. Additionally, the use of ques-
tionnaires to collect demographic information limited our sample size. If
one or both parents failed to complete the survey, they were excluded
from the analysis since we could not control for potential confounding
variables. This resulted in our sample size being reduced by approxi-
mately 15%. Furthermore, the collection of self-reported height and
weightmay have resulted in poor estimates of BMI, as has been demon-
strated in previous studies (Gosse, 2014; Nyholm et al., 2007). Although
our analysis controlled for confounding variables it would have been
beneﬁcial to collect and adjust for other individual factors known to cor-
relate with PA, such as self-efﬁcacy or health status (Trost et al., 2002).
To minimise parent burden, the questionnaire focused more on child
than parent behaviour and health, thus we have no information on
these potentially confounding variables. Finally, the cross-sectionalsed on UK participants — 2012/13.
Adjusteda
P Mean increase in mothers' PA (per minute)
from one unit increase in fathers'
R2 95%
CIa
P
b .001 .259 .13 .12 to .39 b .001
.035 .132 .08 .01 to .26 .042
b .001 .335 .15 .23 to .44 b .001
.001 .242 .14 .11 to .38 .001
.039 .128 .11 .02 to .24 .026
b .001 .337 .16 .19 to .48 b .001
ctivity.
IMD score.
477J. Zahra et al. / Preventive Medicine Reports 2 (2015) 473–477design of the study prevents the assessment of the direction of the asso-
ciations observed.
Conclusion
This study has identiﬁed associations between parental BMI and PA
levels. The use of an objective measure of PA further advances the
knowledge about parental or spousal PA associations. Mothers are
almost twice as likely to be overweight or obese when fathers are, sug-
gesting that spousal behaviours and shared environments may result in
parents sharing common risk factors for obesity. Analysis of accelerom-
eter data revealed associations between parents' MVPA levels during
week and weekend days. Stronger associations were identiﬁed at the
weekend, which could suggest that families are more active together
during this period.
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